The cover-seeking behavior of juvenile and adult crayfish, Orconectes rusticus, was examined in relation to the relative importance of darkness and thigmotactic cues. Crayfish (N = 12 per experiment) were observed in individual aquaria 5 times per day, with at least 30 min between observations, for a 3-day period. Their positions were recorded as either within or outside the provided cover(s). When presented with a choice between a clear thigmotactic cover or open area (Experiment Ia), adult crayfish were observed in the cover significantly more often. Juvenile crayfish were observed in the open area significantly more often, but burrowed into the gravel to provide a measure of darkness (shadow) and tactile sensation. Experiment Ib presented crayfish with a choice between a dark thigmotactic cover and an open area; both adults and juveniles were observed in the cover significantly more than in the open area.
Wild crayfishes live in large interstices that provide protection (Stein, 1977) . Captive management of crayfishes requires the incorporation of shelters into the holding aquaria (environmental enrichment) because of the aggressive nature of the animals and because of their natural mode of living (in burrows and/or under rocks). These shelters constitute a wide range of forms, including natural rocks, plastic cups, PVC pipe, and plastic and ceramic flower pots, all having different transparencies and colors. Although it is generally assumed that darkness or "shadow" is the attractive feature of such artificial shelters, apparently no attempt has been made to separate the effects of darkness from the effects of thigmotactic (tactile) stimulation. It may be that ifthigmotactic cues are of prime importance in cover-seeking behavior in crayfishes, then over-sized shelters that provide a measure of darkness, but little or greatly reduced tactile stimulation, are not in the best interest of the animals' welfare.
The objective of these experiments was to ascertain the shelter most preferred by this crayfish before proceeding with other behavioral studies. By providing the crayfish with the cover most preferred, naturally occurring habitats are better emulated, reducing animal stress and, presumably, increasing the reliability of behavioral results. An analysis of this problem was begun to determine the preference for shelter type by offering individual Orconectes rusticus (Girard) a choice between cover or no cover, and to determine the relative importance of darkness and thigmotactic cues on coverseeking behavior (see Chizar et al., 1987) .
MATERIALS AND METHODS
Subjects and Maintenance Conditions. -Crayfish (Orconectes rusticus) were taken from Walnut Creek, Erie County, Pennsylvania. Both sexes were used in all ex-periments, with the exception of ovigerous females. There are times when differences in male and female responses should be addressed. However, cover-seeking is a basic behavior that all crayfishes perform, regardless of gender. There was no a priori reason to suspect that males and females might differ in the way in which they seek cover. Data from males and females were, therefore, pooled for analyses. Our assumption was supported by the consistency of the data collected; statistical analyses performed on between-subjects variability confirm our observations of no difference between males and females in this behavior, and supports our use of the pooled data.
Form I (breeding) crayfish, those with autotomized claws, and molting crayfish (Passano, 1960) were not used for experimentation. Crayfish were separated as either adults or juveniles based upon rostrum to tail (caudal edge of telson) measurement (adults, > 6 cm; juveniles, < 3 cm) following the protocol of Nagayama et al. During experimental trials, Form II (nonbreeding) crayfish were selected at random and placed, individually, in glass arenas (45 x 25 x 25 cm). Gravel size, temperature, photoperiod, and room illumination were identical to those of the holding tanks. Experiment I.-Each crayfish (N = 12 per age group) was observed under 2 experimental conditions. Each condition lasted 3 days. In Experiment Ia, a clear glass beaker was introduced into each experimental arena. Size of the beakers was adjusted (scaled) to provide thigmotactic cues based upon the walking height and length of individuals of both age groups (beaker dimensions, length and height, for each age group: adults, 6 x 2 cm; juveniles, 3 x 1 cm). Beakers were halfburied in the gravel to prevent their movement and to keep curving sides from being used as overhanging covers by crayfish. In Experiment Ib, cover was introduced exactly as in Experiment Ia, except that gravel was placed on top of the beaker to surround the entire cover, producing a "dark" cover (illumination below the detection limit of the light meter, < 10.76 Ix [< 1 fc]).
During each 3-day period, crayfish locations were recorded as either inside or outside the provided cover. Crayfish were observed 5 times per day with a minimum of 30 min between observations, for a total of 15 observations per crayfish. Percentages of observations scored as inside or outside of covers were averaged for each crayfish, and these results averaged over crayfish, for both age classes. The data were analyzed by one-way repeated measures ANOVA, using Statview 512+ software (Abacus Concepts, Inc.). The order of presentation of each condition was randomly selected for each crayfish. Crayfish were fed on day 0 to reduce foraging behavior during experimental trials. Experiment II.-Procedures were identical to those in Experiment I, except that both types of covers were simultaneously introduced into each experimental arena. Crayfish (N = 12 per age group) were fed on day 0, and observations recorded as crayfish located in the dark thigmotactic cover, clear thigmotactic cover, or open area. Each crayfish was again observed 5 times per day, with a minimum of 30 min between consecutive observations, for a total of 15 observations per crayfish over the 3-day period. Percentages of observations scored in each of the 3 categories were averaged for each crayfish, and these results averaged over crayfish, for both age groups. Experiment III.--Experiment III was designed to examine the importance of darkness versus thigmotaxis. Crayfish (N = 12 per age group) were fed on day 0 and given a simultaneous choice among a large, reducedthigmotactic, dark cover; a small, thigmotactic, clear cover; and the open area. The clear thigmotactic cover was identical to that used in Experiments I and II. Cover size was adjusted for average walking height and length of individuals of both age groups as appropriate. Dark covers were similar to those used in Experiments I and II, except that the heights were twice as tall and 3 times as long as the age group being studied (i.e., 12 x 36 cm for adults, and 6 x 18 cm for juveniles). These dimensions provided dark covers with minimal (reduced) thigmotactic cues. Individuals in both age groups were observed 5 times per day, with a minimum of 30 min between consecutive observations, for a total of 15 observations per crayfish. Observations were recorded as crayfish residing in the large, dark, reducedthigmotactic cover; the small, clear, thigmotactic cover; or the open area. Percentages of observations scored in each of the 3 categories were averaged for each crayfish, and these results averaged over crayfish, for both age groups.
RESULTS
The percentages of observations for Experiment I, scored as within cover type, for all adult crayfish in each experimental situation are presented in Fig. 1 Results from the ANOVA tests confirmed the between-subjects consistency observed in the behavior of the crayfish. In four of the 10 tests performed on the data from adults, the between-subjects sum of squares was zero (i.e., so small that the software could not "round-up" to a number) and no P value could be calculated; in five of these tests, P>> 0.50; in only one ANOVA (preference for clear versus dark covers in Experiment I) was there a significant between-subjects effect (F,11 = 4.89, P < 0.005). Similarly, in four of the 10 tests performed on the data from juveniles, the between-subjects sum of squares was zero and in the other six tests, P>>0.50. These results confirm our assumption that there is no basic underlying difference in cover-seeking behavior between nonbreeding males and females of this species. The few juveniles observed in the clear covers also exhibited this behavior.
Adults and juveniles observed in the dark cover must have experienced some thigmotactic sensations from the sides and rear of the cover. These shelters provided fewer thigmotactic cues than did their small, clear counterparts, yet the crayfish preferred the large dark covers. Thus, darkness seemed to be the primary stimulus in cover-seeking when compared with thigmotactic cues in this simultaneous discrimination test.
The results of these three experiments suggest that darkness is the controlling factor in cover-seeking behavior of 0. rusticus. Juveniles exhibited this preference clearly in Experiment Ia, where they altered the experimental environment to provide some shadow in conjunction with thigmotaxis rather than accept as shelter a solely thigmotactic cover. Adults also appeared to prefer dark cover to clear cover (Experiment III), but were more flexible in their preference, enabling them to accept the clear thigmotactic shelter when no other cover choice was available (Experiment Ia). Thus, although thigmotactic cues appeared to be secondary in importance to darkness in cover-seeking behavior of both age groups, the optimum cover for this species was a thigmotactic cover providing some measure of darkness, as evidenced in Experiment II.
The implications of these results are important for future studies using crayfish as experimental models. By providing crayfish with the most preferred shelter, a dark thigmotactic cover, stress on individuals may be reduced by better simulating natural conditions. A less stressful environment should positively affect the quality of results of behavioral experiments.
Another important consideration is that of animal welfare. Researchers are increasingly sensitive to the requirements and wellbeing of their experimental animals, as are private foundations, organizations, and government bodies concerned with the ethical treatment of animals used in research. Our results indicate the necessity of considering ontogenetic behavioral changes in a species when providing environmental enrichment. By providing adequate environmental enrichment for laboratory populations of crayfish, such as appropriate cover for the size class being studied, some concerns regarding captive management should be alleviated.
